Similarly, compounds having disulfide bonds play a vital role in living organisms. The inter-conversion of disulfides and thiols is a fundamental transformation in organosulfur chemistry and such switching plays important role in biological systems due to the presence of thiol groups in some of amino acids. 6, 7) A large number of compounds having disulfide linkage have been isolated from different plants and animals. Among these, polycarpine dimeric disulfides were the first to be isolated as unusual bioactive secondary metabolites from marine ascidians (urochordates), 8, 9) having 2-aminoimidazole rings linked by disulfide bridges 10) (Fig. 1 ). This class of compounds got a great deal of attention due to their higher sulphur contents 11) and diverse biological activities such as anti-tumor, 12) anti-cancer, raussarcoma and avian myeloblastoma viruses reverse transcriptase inhibition activity and rat brain Na ϩ , K ϩ -ATPase activities. 13) Some of these have been found active in inducing apoptosis in JB 6 cells through P53-and caspase 3-dependant pathways 14) and in inhibiting inosine monophosphate dehydrogenase (IMPDH). 15, 16) Keeping in view the antimicrobial properties of the compounds having aminothiazole moiety such as Sulphathiazole ® and Thiabendazole
®1
, it was planned to synthesize different polycarpine analogues (having aminothiazole group) and investigate their anti-bacterial activities. In this quest, various [2-amino-4-phenyl-5-thiazolyl] disulfides were synthesized and subjected to antibacterial activity.
Chemistry Here, for the synthesis of [2-amino-4-phenyl-5-thiazolyl] disulfides, different aryl aminothiazoles were prepared from substituted acetophenones (Table 1) . These acetophenones can be converted to the respective 2-aminothiazoles by their reaction with thiourea in the presence of an oxidizing agent such as sulfuryl chloride, thionyl chloride, sulfur monochloride and iodine 17) (Fig. 1) . Literature reveals the availability of a variety of techniques for preparing both symmetric and unsymmertric disulfides, many of which are based upon the reaction of a thiol with a sulfenylating agent such as sulfenyl halides, 18) sulfenamides, 19) sulfinimides, 20) sulfenylhydrazides 21) and disulfides. 22) In the present case, sulfur monochloride in glacial acetic acid was proved to be excellent to synthesize the disulfide linkage as carbon of thiazole ring is very susceptible to S 2 Cl 2 thus avoiding the formation of the thiols first ( Table 2) . Summary of the reactions involved in the synthesis is given in Chart 1.
Synthesis and Antibacterial Activity of Bis[2-amino-4-phenyl-5-thiazolyl] Disulfides
Hamid Latif SIDDIQUI, a Muhammad ZIA-UR-REHMAN,* ,b Naveed AHMAD, Antimicrobial Testing All the newly synthesized compounds (dissolved in dimethylsulfoxide) were subjected to antimicrobial screening by determining the minimum inhibitory concentration (MIC) using the agar dilution technique. 23, 24) The in vitro antimicrobial activity of the prepared compounds (2, 3a-i) against the Gram positive bacterium, Bacillus cereus and a Gram negative bacterium, Pseudomonas aeruginosa was determined by preparing suspensions of each microorganism to contain approximately 10 5 -10 6 CFU (colony forming units)/well. The test compounds were applied to the wells at concentrations ranging from 200 to about 0.1 mg ml Ϫ1 in dimethyl sulfoxide solution, in addition to the 0 (control), and the standard tetracycline. The plates were incubated for 24 h at 37°C and growth assessed by visual inspection. The minimum inhibitory concentration (MIC) was defined as the lowest concentration of inhibitor at which microbial growth was not apparent disregarding a single colony or a faint haze caused by the inoculums.
Results
The MICs of the active compounds against the susceptible pathogenic organisms are presented in Table 3 . It was found that all the synthesized dimeric disulfide compounds (3a-i) have greater inhibitory activities against Bacillus cereus and Pseudomonas aeruginosa than the corresponding thiazoles (2a-i). However, among the aminothiazoles, only 2e and h were found active against Bacillus cereus while 2a, e and h exhibited anti-bacterial activity against Pseudomonas aeruginosa. Compounds 2b, c, d, f, g and i were found inactive or presented a MIC more than 200 mg ml Ϫ1 against both the species.
It is obvious from the results that aminothiazoles are more active against Pseudomonas aeruginosa than Bacillus cereus while reverse is true for their dimeric disulfides. An insight in to the structures of the synthesized compounds reveals that the para substituted compounds are more active than those having halogens substituted at meta or ortho positions. Also, incorporation of two halogen atoms (3g, h) resulted in decrease of activity against both the strains indicates the probable steric hindrance to the disulfide bond towards target sites.
In conclusion, the present study revealed that dimerism of substituted aminothiazoles resulted in to more active dimeric disulfides which could be useful as a template for future development through further derivatization to design more potent biologically active compounds.
Experimental
All the chemicals were purchased from E. Merck, BDH or Fluka and used without purification. However, solvents were purified through distillation. 1 H-and 13 C-NMR spectra were recorded on a Bruker DPX-400 instrument at 400 and 100 MHz, respectively. Chemical shifts are reported in ppm referenced to the residual solvent signal. IR spectra were recorded on a Perkin Elmer Paragon 1000 spectrometer. Mass spectra were recorded on a Jeol SX-102 instrument using FAB ionization. Melting points were recorded on a Stuart Scientific-SMP3 apparatus and are uncorrected.
General Procedure of Synthesis of 2-Amino-4-phenyl-1,3-thiazoles Resublimed iodine (0.01 mol) was added to substituted acetophenones (0.01 mol) and thiourea (1.52 g, 0.02 mol), followed by heating of the mixture overnight in an oil bath at 100°C. After cooling, the reaction mixture was triturated with diethyl ether (ca. 50 ml) to remove any unreacted iodine and acetophenone. The solid residue was put in cold distilled water (200 ml) and treated with 25% aqueous ammonium hydroxide (to pH 9-10). The precipitated thiazole was collected and purified by crystallization from hot ethanol.
2-Amino-4-(2-bromophenyl)- General Procedure of Synthesis of [2-Amino-4-phenyl-5-thiazolyl] Disulfides Sulfur monochloride (0.01 mol, 1.35 g) was added cautiously to a mixture of 2-amino-4-phenyl-1,3-thiazole (2a-i) (0.02 mol) and acetic acid (15 ml) followed by stirring of the contents at room temperature (for reaction conditions, see Table 2 ). Aqueous ammonium hydroxide (25%) was added drop wise till the pH was approximately 10. The precipitated disulfides were collected by filtration, washed with cold water and crystallized from hot ethanol.
[2-Amino-4-(2-bromophenyl)- 
